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Motivation -

the telescope cavity Le kept

=3

One of the design goals of SOFIA 13 taal

cealed for long periods of time. {deally, routine insraliation of sclence

instruments (SI), and pre-flight operational checks will be possible

githout cavity intervention. Such a scheme 1s quite different from T

the KAO, where SI alignment routinely involves cavity traffic for

installation of light sources, or long perinds of time with the door fully
open in order to view external light sources. An alignment scheme that
presupposes a sealed cavity will serve three purposes:

- The cavity, and the optics contained within, will be kept clean. Thi
a matter of special concern at an urban airfield, where hydrocarbon
pollution is a significant source of dirt. For background-limited work 1n
the thermal IR, the low emissivity of 2 clean optical frain is a
requirement for optimal systenm performance. For work at visual
wavelengths on (for example) planetary accultations and eclipses, a claan
optical train will minimize scattered light that can interfers w.in
observations. Without special measures to keap the optics clea
system efficiency will suffer, either because of reduced cetb:
hecause of extra down time that will have to be budgetad Tov mirror
recoating/cleaning.
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- The need for KAO-type 1
tnat require line ops I0
local weather. It czn be
in a KAO line op (that tu
exceeded on SOFI1A if line operations are reguired.

hy

ghting are somewh
med that the m3inpowel X
ns out to pe clouded cut) will L 3u

- The amount of aircraft ’'quality time’ required by the SI team to do their
alignment can be reduced. Alignment can proceed before the cavity
finishes warming up from the pravious £light, and can procead well in%o
the precool period for the first S1 flight. Alignment checks <o
betwesn flights without warming the ~cavity up at all. Tae turn-around
+ime between SI teams will thus be reduced.

B done

The boresight box (BB) attachment to the SI answers to thig yoal 0L & 20
traffic cavity for routine alignment operations. The role of this unit in
the complete alignment preccedure 1s outlined in the document "Alignmant
Procedures for the SOFIA Telescope and Science I[nstruments™. Functionally,

+he BB must

- allow the SI team to define a FP1/SI boresight for their instrument
(eliminating the need for mounting the PCLS on the telescopn, as wzll 2
KAO-type line operatiocns.)

- allow the SI team to determine, or at least check that th
optimally peinted at the secondary and tertiary mirrors (e



the need for a cnopped hot plate (0P v e mosnied Lnoida Lhe Cavity
as it is for the KAQ).

- pave minimal complexity to encoulays it use, Lo o increase Tnd confidencs
with which it is us2d, and to allow saveral to be oav iny ong
time for instruments that are in different astagzs of s aration

- not seriously impact the flawxibility with wnichk Dls can 9= moun el G Lhe
SOFIA Nasmyth mounting plate.
- be rugged enough to travel (with S fram Che soomulanaor o Toaew LoD
ts the telescope without compronizing the all ament, Gd omgy e muLre
e

it S
to support a large fraction of tre weloght of bhe 50 101 cortaia Light

instruments.
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ioawie of the telescope, dul o nafd ne

- have a FOY that inciudes the opht.oes
mover the entire 80 TOY 06 Lhe felescope witnout vignettiag. Thig
simnlification 1z o3 =d i tha prestanpiion Thial ove LWl 40 &
Least one cetector than Lo alose fo the faoewoops ind thatn

ne others.

The BB has one moving parft - an inss aool ml T
focal plane, and Lwo Lmagers. The St o Tlr-

telescope beam 2t least when the o2
mirror must retract the Dbeam
the telescope. Wnen in
to within ~1 arcalnute.
at the 0.2 arcsecond le
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serted, this miccor nmust Hu\xt;wn inzel
This is required tor EBEFI/SI boresigh

ol for all focus positiona. Ideally,
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v
insertion/retraction will be able to e done remobtelv. This e Wl
allow frequent checks of tha boresight staniloty wirhonh seevios O

console area.

The BB pupil plane imager (RRDDY e sel oap wild
Thnis focus iz in the fat field, aad dooantondad
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the required fouws rangs
imagers should have a plie
voitage level and large

noteworthy that small, ligi 3 jAC:
commeccially available that safLsfv all of L““;ﬂ criberia. These 1lmagers
will be capable of seeing V<i0 stars art vildeo rote through the SOFIA (even
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with the ~1 magnitude hancdicap of figed beamsplitters -see below).

The alignment of the 51 b2am to point to the secondary can be C
with the BE in a manner that is analogous to boresigat determina
the SI ig on the simulator, 1t is tipped to peak up signal on the
hot plate (CHP). The position of the chopped hot plate is recorced in the
pBPI. When the the SI is mountad on the telescope, it iz tipped '
secondary mirror falls in exactly this position. If the sim
aligned in such a way that it looks, to the 31, like the te

the optimal SI tilt will be transferred to the telescope by
and the BRPI is available az a check.

a, then
-

,

The boresignting of the 51 1 done on the simulator using the

chapped lignht source (PoL3s . The PCLY prod 3 a fﬁtlbbwd image of a sourca2
P
o

2
S CE

tnat is visihle both optically end Dy the 81 1n the bl
PCLE iz adjusted until tne image of thiz source 1is
aperture, and is correctly focussed for the 3i. Ths

in the BRFI is then establisned. This defines the 3BFI/8I beresigh

in flight, just before the first object, a ‘transier’ 3tar iz acguired on
the BRFI/SI boresight. The telescope cecondary is moved no focus this image
on the BEFI. This star i3 Lo de used Zaimply o & LIG ¢ ne2d not be

vizible to the SI. When acquirad, fhe positilon of the star
7

noted. This is the FPI/3[ roresight, and can e chetked anytime Suring
flignt.

Fiqure 1 is a 3chemat:c for « 2B ] cnd of tne LR oprovices
the same mounting hole pattern as 2 un Tnootas Nasavin sounting
plate. The retractable mirror is shown as (al. The Light paotn iz folded
using fixed beamsplitfer mirrors (8 and (E), and first surface miTTOrS (<)

and (D). The advantage of fixed beamsplitter versu lip-mirrors i3 that,
aside from the movable mirror (A) the entire light path is fixed. The only
£ Tl

s
disadvantage of beamsplitters is that, for ~50% reflsctilon and
tranamission, the BBPI will only se2 nilf of the light from tne illuminated
secondary, and the BBFI will either see about half of on@-guarter of the
iight from the transfer atar. Since neilther alignment 1mager will be photen
starved, this is not considered  to he a problem. The SeED is fived in

1t position (G) or (HY

positinn and focus 4t (F), and the BEFI 1s il 1 )

depending on whether the telascope Locus 1w pirfocaiized on the €I 1nsi
or outside the nominal talescope Focus. With two poszible positicns for
BRFI, the plate scale (1n arcs ec/pixel) will be a function of the focus
positinn. As long as the BRFI focus ig not changed after the simulator
used, however, and as long as the magnification is such that the image :3
always spatially oversampled, this variable magnification will not ainder

the boresighting operation.

Step-by-Step Use of BE -



The alignment
are a subset of the general
"Alignment Procedures for

srocadare may

The alignment of fthe simulator
the simulator
Boresight transfer

of the SI with
nstallation.

Alignment of simulator:

e

the S0

oien Juwn 1n L dizcrete steps. These steps
installation procedure that is outlined 1in
FIa Telescope and Science Instruments”.
(0.n) need not be done frequently. Alignment
(l.n) and (2.n) w#1ill be done once for each
(3.n) will he done at lesst once per flight

(0.1) An alignment telescope is mounted on the BB. The combination i35 mcuntead
on the main telescope., The aligament telescope is aimed at the center
of the secondary, and fixed at that angle.

(0.2) Alignment telescope/33 combination is carried over to the simulator.
The mounting bracket for the PCL5 and CHP is adjuszted so thaz, with
respect to the mounting flang2, the simulator is identical ts the
main telescope. Both the PCLS and CHP, whnen mounted, will lccaze
themselves in a position relative to the simulator mounting plate
that is 1ldentical to that of the twlescope secondary relative s the
Nasmyth mounting plate on the tealescope.

Aligrment ol 51 with sinulator:

{(1.1) Mount BE on S5I. Zomd Tomount 1o osimulater. 31 beam 13
adjusted Lo peak i ano thee CUREPL 22PI 1z used to record the
location of the T o Teordlastaes on the dmasge from this

' camera,

(1.2) PCLY renjscesn {4 R TR AN e Al : SLi S
anjustad To give o .ot STt D s mocugoed Ia thia
peaged FCLH Lmage. BhiTl e carLoCalized Ln oone zoFl
mounting position, Liaer Bl v th= aliarnate amounting positioan.
The screen coordinates of Lhe PCLE 1mage from this camera ig recorded.
Tnis iz the BEFL1/51 btoresight position.

Pre-flight alignment ~check:

CEZ.0) SL tewlth EBY iz mounted on the telescope. Wlta The cavity lizhto on,
verify with the BZPl that the bezm tilt of the 31788 is corrvect. If it
is, the image of the secondsry wilt raclde Janh the ilmage -0 tosw JEF
in thiz camera. (an cheol thiv L[or different telescops elavatisno.

In-flight determination of FRI/SL boresight using tranzfer star:

(3.1) Acquire *any* r ! e Lhe Celescone T dut
this star on the i S that this star need not (and
generally will not) be viaible with the 5.

(3.2) th the transfer star centered or. tae BEFI/SI boresight, identifyv the
same abar in the FPI. Record the FPI position. This is the FPRI/SI
boresight. Extract the movable BE mirror Ifrom the beam, and obtserve.
Note that, given a stable 31, and a sturdily built 2B, this ZBFI/SI



borazight can 5@ caachoed at

any

time

in thwe £light.



Boresighter Box Alignment

Boresighter box alignment concept addresses the problem of aligning a Sf on
SOF|A with a zero traffic cavity that can be kept sealed.

This serves three purposes:

(1) Keep cavity (and optics) clean, and perhaps even cold.

(2) Reduce the amount of a/c time that is required to install a new Sl
on the telescope. ‘

(3) Eliminate the need for line operations (requiring favorable weather)
for near-IR boresight determination.

Boresighter box must:

(1) allow Sl team to define a boresight on their instrument
(replacing PCLS on telescope as for KAO)

(2) allow Sl team to determine, or at least check on optimal SI beam tilt
(replacing CHP on telescope as for KAO)

(3) have minimal complexity to encourage its use, and to allow for several
to be available

(4) not seriously compromise the flexibility of S| mounting on SOFIA

(5) be rugged enough to travel with the Sl from lab to telescope without
compromising the alignment, and may be required to support a large
fraction of the weight of a S

(6) have a FOV that includes the optical axis of the telescope, but need not
cover the entire FOV of the telescope (8'). Assumes that S| has some
detector close to the telescope optical axis.

While a separate box could be provided by the facility to attached to each Sl,
it could be simply required that the wherewithal to do this kind of alignment
be built into each Sl (ie telescope mounted PCLS and CHP not be routinely

supported).



Boresighter Box Options

1) view unfocussed image of PCLS and ref star on the back of a flip screen

advantages: - simple, compact package

disadvantages: - requires bright star for boresight transfer
- boresight is based on centroid of a defocussed

star image (<20 arcseconds in size)
- cannot image pupil to check beam tilt

2) view focussed image of PCLS and ref star star off of flip mirror directly

advantages: - compact package
- view focussed image, see faint ref stars

disadvantages: - cannot use commercial optics entirely
- optical arrangement will depend on focus
position (move lenses around, etc.)
- can image pupil to check beam tilt only by
moving optical components

3) view focussed image of PCLS and ref star off flip mirror with folded beam

advantages: - view focussed image

- commercial optics
- optical arrangement independent of focus location

- using beamsplitter, can image pupil to check beam
tilt simultaneously with boresight determination

disadvantages: - somewhat less compact package

One disadvantage for each of these concepts is that the box cannot
be used in the foreward mounting location.



Use of Boresighter Box

Alignment of simulator

(0.1) Alignment telescope is mounted on boresight box (BB); combination is
mounted on telescope, and the alignment telescope is aimed at the
center of the secondary. (Alignment telescope need not be exactly on
the optical axis of the main telescope.)

(0.2) Alignment telescope/BB is mounted on simulator. Simulator PCLS/CHP
mounts (fiducial secondary mirror position) are adjusted so that, with
respect to the mounting flange, the simulator is identical to the

telescope.
Alignment of Sl with simulator

(1.1) Sl is mounted on boresight box. Combination is mounted on simulator.
S| beam is adjusted to peak signal with CHP. Pupil camera on BB is
used to record the position of CHP in screen coordinates on the

imager.

(1.2) PCLS replaces CHP on simulator. PCLS focus and angle are adjusted to
give peak signal on SI. Boresight camera on BB is used to focus on,
and record position of PCLS image in screen coordinates on the

imager.
Pre-flight alignment check

(2.1) SI/BB is mounted on telescope. With cavity lights on, verify with pupil
imager that beam tilt of the SI/BB is correct by comparing the
position of the secondary to that recorded in (1.0). This check can be
done anytime. This check could also serve to verify that the lateral
flexure compensation on the secondary is working properly, and that
the beam tilt is optimal for all telescope elevations.

In-flight boresight transfer using reference star

(3.1) Acquire *any* optically bright reference star in the boresight camera.
Center the star on the boresight position recorded in (1.1). Note that
this star need not (and generally will not) be visible with the Sl.

(3.2) With the star centered on the boresight camera, acquire the same star
in the FPI. Record position on the FPI. That's the FPI/SI boresight.

Retract flip mirror, and observe.
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